The ineuCnce of ammonia concentration on the distribution of nitrogen derived from opaque-2 maize uniformly-labelled with 16N has been investigated during short-term in vitro incubation of bovine rumen contents.
Animals A young bull (about 15 months old) and a bull calf (about 4 months old), both of the Simmental breed, were used as sources of rumen content. The animals, fitted with rumen cannulas, were fed on a concentrate diet based on (g/kg) ground maize (660) and dried sugar beet pulp (300) supplemented with urea, minerals and vitamins at a total level of 6 kg and 3 kg/d respectively in two portions. They also received O -S I kg lucerne hay/d except on the day before sampling.
Procedure
Samples of rumen contents (40 g) from each animal were incubated with each sample of maize (2 g) using the procedure described earlier (NikoliC, Jovanovid et al. 1975) except that the flasks were gassed with carbon dioxide instead of N,. In each incubation the flasks were divided into two series identical in all respects except for the addition of sufficient 1.42 M-ammonium chloride solution to increase the NH, concentration in series B flasks by 15.2 mmol/l. At hourly intervals duplicate flasks of each series were removed from the water-bath and metabolic processes stopped by the addition of 2.5 M-sodium hydroxide solution (5 ml). Protozoal motility was checked and the pH measured in the contents of an extra flask examined without fixative after incubation for 5 h.
Analyses
The concentration of NH, was determined by the microdiffusion procedure of Conway (1962) , total N by a standard Kjeldahl method and NPN by the Kjeldahl technique after precipitation of proteins in 0.6 1 M-trichloroacetic acid (TCA) solution. Total volatile fatty acid (VFA) production was determined volumetrically after steam distillation.
Determinations of 15N in the NH, and non-NH,-NPN fractions were carried out as described previously (NikoliC, JovanoviC et al. 1975) . A bacterial fraction was prepared by differential centrifugation (750 g and 20000 g).
The sediment was washed twice with phosphate buffer (PH 7).
RESULTS

General conditions
The protozoa were found to be alive and motile at the end of each of the four incubations. Rumen contents from both animals contained many oligotrich protozoa, mainly small entodiniomorphs. A few holotrich protozoa were observed in the digesta from the calf. The mean ( f SE) initial pH in the medium was 7.10 f 0.18 and the final pH after 5 h incubation was 5.89 k 0.20. Mean (k a) VFA production was 9.8 f 1.9 and 9-9 f 2.4 mmol/l per h in series A and B flasks respectively. The considerable variation, between incubations implied by the above values for SE was not related to the animal donor or maize sample. However, addition of NH$l had no apparent effect on these factors. 
Rumen degradation of maize protein
N metabolism
The mean ( ~S E ) concentration of total N in the flasks was 79.2 & 7.3 and 95.2 k 8-2 mmol/l in series A and B respectively, the difference corresponding to the amount of added NH,-N. As expected, total N concentration did not change during incubation while NPN ( Fig. 1 ) tended to decrease, indicating net synthesis of protein, i.e. microbial synthesis of protein was greater than degradation of maize protein and turnover of microbial protein together.
Even at the start of the incubation the amount of N derived from maize, which was present in the NPN pool, was larger than the amount added ( Fig. l) , suggesting rapid bacterial action on soluble proteins during the few minutes between addition of labelled maize to the rumen contents and fixation with NaOH solution and steam. During the first hour of incubation the amount of maize N in the NPN fraction increased in both series of flasks (Fig. 1) . Thereafter, it reached a plateau in series B but decreased in series A. This reduction was entirely due to a decrease in the amount of N derived from maize in the NH,-N fraction (Fig. 1) .
Thus, after 2 h incubation the amount of maize N in the non-NH,-NPN fraction remained constant in both series A and series B. In series A the concentration of non-NH,-NF" first decreased and then increased back to the initial level. This was accompanied by an increase in NH,-N concentration followed by a decrease to values below the initial level (Fig. 1) .
The pattern of change in these two fractions was similar in series B except that the final concentration of non-NH,-NPN was higher than the initial concentration and the drop in NH,-N concentration was nearly double that in series A. The difference in the concentration of non-NH,-NPN between the two series after 3 h incubation was statistically significant (P < 0-05) supporting earlier findings that an excess of NH, may be partly Fig. 2 , where the relative excess of lSN in the non-NH,-NPN fraction decreased more steeply in series B than in series A, having started at approximately the same value. In both series the relative excess of 16N achieved a higher final value in the NH, fraction than in the non-NH,-NPN fraction suggesting that the whole of this heterogenous fraction was not in equilibrium with the NH, fraction. However, the fact that the relative excess of lSN in the whole NPN fraction reached a plateau in series B after 2 h incubation indicated that entry and exit of N derived from maize was equal and constant.
The presence of a certain amount of N derived from maize in bacterial protein at the start of the incubation indicated that the fraction had some contamination (Table 2) . However, assuming that the same quantity of maize protein is spuriously present after 5 h incubation, it is possible to calculate the total degradation of maize protein during incubation. The values obtained indicate that the extent of degradation was similar in series A and B, i.e. a low NH, concentration did not stimulate degradation of maize protein while a high NH, concentration did not inhibit it. Thus, taking the average of the values shown in Table 2 , it appears that the relative degradation of maize protein under these conditions was 0.60. Similarly, taking into account the NPN fraction it can be calculated that the over-all mean value for relative degradation of maize crude protein (N x 6.25) was 0-6 g.
DISCUSSION
The incubation system used mimics the post-prandial situation in the rumen of beef cattle fed on maize, with or without a supplement such as urea, without the complications due to absorption and passage of metabolites and nutrients. Maize-N accounted for approximately 0.25 and 0-20 of the total N in the incubation medium in series A and B respectively. The uniformity with which maize-N was labelled with 16N was shown by the similarity in values obtained for 16N in different parts of the maize plant (FilipoviC, 1980) and in total N and NPN in grain (Table 1) . Thus, the assumption that values obtained for 16N in various N fractions can be converted to values for N derived from maize would appear to be valid.
The mean results obtained for relative degradation of maize protein (0.69 for crude protein (N x 6.25) and 0.60 for TCA-insoluble material) were higher than those of Orskov & Mehrez (1 977) and Mehrez & Orskov (1 978), who used an in vivo incubation technique. In our calculation it has been assumed that the bacterial fraction is representative of the whole microbial population, whereas it may be expected that the protozoa would contain less 16N than the bacteria (Abe & Kandatsu, 1969; Pilgrim et al. 1970 ). This would introduce a small error into the calculation. However, the endosperm of normal maize hybrids contains half its protein in the form of the poorly-degradable zein (Ely et ul. 1967; Hume 1970) , while it is known that opaque-2 mutants have much less zein and relatively more albumin and globulin in the endosperm (Jimenez, 1966) . It may be expected that the degradability of protein in the opaque-2 mutant used here would be greater than for the conventional hybrids examined by other authors.
Nevertheless, after 3 h incubation the mean concentration of NH,-N (2.5 mmol/l) in series A flasks approached the level critical for optimal microbial protein synthesis (Satter 8c Slyter, 1974) . Since at this time the relative excess of 16N in the NH, pool had started to decrease (Fig. 2) , one may assume that entry of non-maize-N to the NH, pool is stimulated in preference to N derived from maize. The large standard error in the measurements at this time was due to the fact that the relative excess of 16N decreased very rapidly in two incubations (one from each animal), where the apparent number of protozoa was moderate and much less steeply in the two incubations where many active protozoa were observed.
The rapid reduction in relative excess of 16N was accompanied by a fall in NH, concentration (to 0.5 mmol/l at 4 h in one incubation).
NikoliC, JovanoviC et ul. (1975) showed that the fractional turnover rate of the NH, pool increased as the NH, concentration decreased, so that the over-all utilization rate of NH, (flux) remained approximately constant. In this experiment accurate compartmental analysis to obtain rate-constants was not possible because the isotopic label, 16N, was neither supplied as a single dose nor at a known constant rate. The four different types of protein and the NPN fraction in maize may be expected to release 16N to the NH, pool at vastly differing rates. Nevertheless, an approximate calculation made over the first 2 h of incubation using a two-pool closed-system model indicated that the fractional turnover rate of the NH, pool was much greater in series A than in series B which confirms earlier results (Nikolid, Jovanovik et al. 1975 ). It appears from the values given in Figs. 1 and 2 and Table 2 that this may be related to an increased turnover rate of microbial N. In this connection Pine (1 973) has shown that ammonia deficiency may immediately stimulate intracellular proteolysis in Escherichia coli up to double the normal level. Since it has been shown that the main pathway of NH, fixation by rumen bacteria differs according to the prevailing concentration of ammonia (Erfle et al. 1977) , it is suggested that catabolic processes in rumen bacteria may also be influenced by NH, concentration. However, the results presented here suggest that low NH, concentrations do not affect the rate of degradation of dietary protein, at least in the short term.
Nevertheless, it is possible that the rate of degradation of maize protein is limited by the accessibility of the protein within the particles of maize grain. Namely, the rate of digestion may depend on the rate for other components of the cereal rather than proteolytic activity per se. In this case the capacity for protein degradation could change without having any effect on the rate of lSN release. Only an experiment using purified maize protein would answer this question.
